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ABSTRACT 
The Saturn SA-5 through SA-7 e l e c t r i c a l  system networks, hardware, 
and t h e  i n t e g r a t i o n  scheme used t o  b r i n g  v e h i c l e  subsystems toge the r  as 
a f u n c t i o n a l  e l e c t r i c a l  u n i t  are presented.  
which e l e c t r i c a l  power i s  suppl ied are pointed o u t ;  t hese  subsystems are 
descr ibed only as necessary t o  def ine t h e  systems t h a t  r e q u i r e  e l e c t r i c a l  
i n t e g r a t i o n .  
system i s  included t o  show t h e  i n t e g r a t i o n  scheme. The i n t e g r a t i o n  com- 
ponents are d i s t r i b u t o r s ,  f l i g h t  sequencer,  f l i g h t  sequencer s l a v e ,  ex- 
ploding br idgewire ,  switch assemblies,  t imer s ,  and plug "J" boxes. The 
power components are  b a t t e r i e s ,  56-volt  power s u p p l i e s ,  2400-volt power 
s u p p l i e s ,  c o n t r o l  v o l t a g e  power supp l i e s ,  master measuring v o l t a g e  sup- 
p l i e s ,  and measuring v o l t a g e  supply modules. 
t i o n s  of t hese  components a r e  included. 
d e s c r i p t i o n s  of t he  c i r c u i t s  through the va r ious  d i s t r i b u t o r s .  switch 
The v a r i o u s  subsystems t o  
A s i m p l i f i e d  e l e c t r i c a l  i n t e rconnec t ion  diagram of t h e  
Desc r ip t ions  and i l l u s t r a -  
S impl i f i ed  c i r c u i t  examples and 
- 
assemblies ,  and plug "J" boxes a r e  given. 
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SATURN I ELECTRICAL POWER AND SYSTEMS INTEGRATION 
SA-5 THROUGH SA-7 
A. A. Conway and H. K. Bennett 
SUMMARY 
The Sa tu rn  SA-5 through SA-7 e l e c t r i c a l  system networks, hardware, 
and t h e  i n t e g r a t i o n  scheme used t o  b r i n g  v e h i c l e  subsystems toge the r  as 
a f u n c t i o n a l  e l e c t r i c a l  u n i t  are presented.  The v a r i o u s  subsystems t o  
which e l e c t r i c a l ' p o w e r  i s  suppl ied are po in ted  o u t ;  t h e s e  subsystems are 
desc r ibed  only as necessary t o  de f ine  the systems t h a t  r e q u i r e  e l e c t r i c a l  
i n t e g r a t i o n .  A s i m p l i f i e d  e l e c t r i c a l  i n t e rconnec t ion  diagram of t h e  
system i s  included t o  show t h e  i n t e g r a t i o n  scheme. The i n t e g r a t i o n  com- 
ponents are d i s t r i b u t o r s ,  f l i g h t  sequencer, f l i g h t  sequencer s l a v e ,  ex- 
ploding bridgewire , switch assemblies , t i m e r s  , and plug "J" boxes. The 
power components are b a t t e r i e s ,  56-volt  power s u p p l i e s ,  2400-volt power 
s u p p l i e s ,  c o n t r o l  vo l t age  power supp l i e s ,  master measuring v o l t a g e  sup- 
p l i e s ,  and measuring vo l t age  supply modules. 
t i o n s  of t hese  components are included. 
d e s c r i p t i o n s  of t h e  c i r c u i t s  through the  va r ious  d i s t r i b u t o r s ,  switch 
assemblies ,  and plug "J" boxes a r e  given. 
Desc r ip t ions  and i l l u s t r a -  
S impl i f i ed  c i r c u i t  examples and 
SECTION I. INTRODUCTION 
A. SATURN SA-5 THROUGH SA-7 (FIG. 1) 
The SA-5 through SA-7 veh ic l e s  of t h e  Sa tu rn  I c o n f i g u r a t i o n  
are s t e p s  i n  con t inua t ion  of t h e  R&D program t o  design and develop launch 
v e h i c l e s  needed f o r  t h e  NASA planned lunar landings and space ope ra t ions .  
SA-5 i s  t h e  f i r s t  v e h i c l e  t o  ca r ry  an a c t i v e  S-IV second s t a g e  and an  
Instrument  Unit .  The Instrument Unit ( I U ) ,  mounted above t h e  S-IV s t a g e  
as an  a d d i t i o n a l  v e h i c l e  segment, houses much o f  t h e  a s t r i o n i c s  equip- 
ment t o  d e l i v e r  e l e c t r i c a l  power and t o  guide,  c o n t r o l ,  and t r ansmi t  
s i g n a l s  on v e h i c l e  s t a t u s  during countdown and f l i g h t .  I n  a d d i t i o n  t o  
t h e  S-IV s t a g e  and I U ,  a payload c o n s i s t i n g  of a J u p i t e r - t y p e  nose cone, 
a f t  u n i t ,  and an  adap te r  w i l l  be flown on t h e  SA-5 v e h i c l e .  A b o i l e r -  
p l a t e  Apollo payload w i l l  be c a r r i e d  a t o p  t h e  SA-6 and SA-7 v e h i c l e s .  
The b o i l e r p l a t e  Apollo w i l l  s imulate weight and aerodynamic design of 
I 
U 
s-IV s 
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t he  Apollo "A" s p a c e c r a f t  t o  be o r b i t e d  by la ter  v e h i c l e s .  
o r b i t s  w i l l  be attempted wi th  t h e  b o i l e r p l a t e  Apollo c o n f i g u r a t i o n .  
The major o b j e c t i v e s  of t he  block I1 test  f l i g h t s  are as follows: 
Low e a r t h  
1. To f l i g h t  t e s t  the two-stage Sa tu rn  I launch v e h i c l e ,  con- 
s i s t i n g  of s t a g e s  S-I and S-IV. 
2 .  To demonstrate t h e  compa t ib i l i t y  of the b o i l e r p l a t e  Apollo 
payload and the  two-stage Sa tu rn  I launch v e h i c l e .  
3 .  To measure t h e  payload and launch v e h i c l e  environments. 
4 .  To v a l i d a t e  systems and subsystems f o r  Apollo "A" space- 
c r a f t  f o r  manned f l i g h t s .  
B. VEHICLE DESCRIPTION 
The S-I s t a g e  of Sa tu rn  SA-5 through SA-7 v e h i c l e s  w i l l  be  of 
t h e  same b a s i c  c o n f i g u r a t i o n  as t h a t  of block I Saturn v e h i c l e s .  The 
S-I s t a g e  s t r u c t u r e  c o n s i s t s  b a s i c a l l y  of t h e  t h r u s t  s t r u c t u r e  assembly, 
f i n s ,  t a i l  assembly shroud, p rope l l an t  c o n t a i n e r s ,  and s p i d e r  beam 
as s emb 1 y . 
Four s t a b i l i z i n g  f i n s  are a t t ached  t o  the  S - I  s t a g e  t h r u s t  s t r u c t u r e  
a t  90 degree i n t e r v a l s  around the circumference of t h e  t a i l  assembly. 
Four smaller f i n s ,  c a l l e d  s t u b s ,  a r e  a t t a c h e d  t o  t h e - S - I  s t a g e  between 
t h e  l a r g e r  f i n s .  The purpose of t h e  l a r g e  f i n s  and s t u b  f i n s  i s  t o  i n -  
c r e a s e  t h e  aerodynamic s t a b i l i t y  of t he  v e h i c l e .  The f i n s  a l s o  provide 
hold-down and support  p o i n t s  f o r  t he  v e h i c l e  on t h e  launch pad. 
The S-I s t a g e  has nine c y l i n d r i c a l ' p r o p e l l a n t  c o n t a i n e r s  w i th  hemi- 
s p h e r i c a l  end bulkheads. Four of t h e  smaller con ta ine r s  a r e  f o r  RP-1 
(kerosene) f u e l  and the o t h e r  four are f o r  l i q u i d  oxygen. The e i g h t  
smaller con ta ine r s  a r e  mounted i n  a c i r c u l a r  p a t t e r n  around the  c e n t e r  
l i q u i d  oxygen con ta ine r .  
The S - I  s t a g e  i s  p rope l l ed  by e i g h t  H - 1  engines.  Four s o l i d  pro-  
p e l l a n t  r e t r o r o c k e t s  a r e  mounted a t  t h e  top of t h e  S-I s t a g e .  Their  
f u n c t i o n  i s  t o  slow down the  S - 1  s t a g e  SO t h a t  t he  S-IV s t a g e  w i l l  move 
away from it a f t e r  s e p a r a t i o n .  
100 ms a f t e r  t h e  s e p a r a t i o n  s i g n a l  f i r e s  t he  explosive n u t s  t o  s e p a r a t e  
t h e  S - I  from the  S-IV s t age .  The burning t i m e  of t h e  r e t r o r o c k e t s  i s  
2.2 seconds. 
These r o c k e t s  are  i g n i t e d  approximately 
Sa tu rn  SA-5 through SA-7 launch v e h i c l e s  i nco rpora t e  l i v e  S-IV s t a g e s  
i n s t e a d  of t h e  d m y  u n i t s  as used i n  block I Saturn v e h i c l e s .  The S-IV 
s t a g e  c o n s i s t s  of four  major assemblies:  t he  forward i n t e r s t a g e ,  t h e  
p r o p e l l a n t  con ta ine r  assembly, t he  a f t  i n t e r s t a g e ,  and the  engine t h r u s t  
s t r u c t u r e .  
4 
Six RLlOA-3 engines use liquid hydrogen and oxygen in a simple, low- 
pressurized propellant feed system. 
engines gimbal through four degrees in response to signals from the In- 
strument Unit located forward of the stage. 
To control flight direction, the 
The aft interstage adapts the stage to the S-I booster. The S-I/S-IV 
interstage remains with the S-I stage upon separation of the two stages. 
This separation sequence starts with a propellant depletion signal from 
the S - I  stage. 
the engines of the S-IV stage start and the flight continues. Nominal 
burning time is 467 seconds. Each of the two tanks contains a capaci- 
tance probe that produces an electrical signal in proportion to the mass 
of propellant in the tank. The signals are combined in a control system 
to maintain the proper ratio of oxygen and hydrogen. 
After separation and approximately two seconds free-coast, 
The forward interstage is similar to the aft interstage in construc- 
tion. It adapts the S-IV stage to the Instrument Unit. 
The SA-5 through SA-7 Instrument Unit has four tubes in which much 
The instrument tubes are arbi- of the electrical equipment is mounted. 
trarily assigned numbers I, 11, 111, and IV. 
tained in the Instrument Unit is mounted in the center cylinder. 
location of the electrical systems integration components and the power 
components in the Instrument Unit is shown in Section 111. 
Other instrumentation con- 
The 
C. SATURN BLOCK I1 ELECTRICAL SYSTEM 
Every subsystem depends upon the electrical system for Saturn 
block I1 to insure proper operation; therefore, mission success depends 
upon how well the electrical system functions. The electrical system 
provides all necessary power, switching, and control functions to the 
various subsystems such as propulsion, control, guidance, etc. 
the subsystem components were designed as independent units. After the 
subsystem functional requirements were confirmed, packaging and location 
of the components were accomplished. An important rule followed in the 
design of the Saturn was to limit the components only to those needed for 
proper flight of the vehicle. By using this approach for the design of 
the various subsystems, the overall system can be expressed by a simpli- 
fied electrical interconnection diagram (FIG. 2). The common needs and 
interconnection from one system to another brought about the development 
of a central distribution point where all of these functions are controlled 
The distribution center used in this vehicle insures clean design of the 
complete system and provides the flexibility needed to incorporate design 
changes. 
Initially, 
After the principal vehicle functions were established, the power 
and voltage requirements were computed for each of the various loads. 
Most voltages used in the vehicle system,,are 28 V d.c. and 115 V 400 Hz. 
7 
h- 
I- 
Both t h e  S- I  s t a g e  and t h e  Instrument Unit  have two independent .28-vol t  
bus systems. Normal.ly, cons t an t  loads are supp l i ed  from one bus and 
v a r i a b l e  loads are suppl ied from the o t h e r  bus. 
To maintain f l e x i b i l i t y  of e l e c t r i c a l  system c a p a b i l i t y ,  t h e  v e h i -  
c l e  e l e c t r i c a l  d i s t r i b u t i o n  cen te r s  are divided i n t o  emergency d e t e c t i o n ,  
power, c o n t r o l ,  measuring, main, and p ropu l s ion  d i s t r i b u t o r s .  The S-I 
s t a g e  con ta ins  one main, one power, one propuls ion,  and f i v e  measuring 
d i s t r i b u t o r s .  The Instrument Unit c o n t a i n s  one power, one c o n t r o l ,  one 
measuring, and one emergency d e t e c t i o n  d i s t r i b u t o r .  The two power d i s -  
t r i b u t o r s  c o n t a i n  a l l  heavy-load d.c. switching,  such as main power 
switchover from t h e  ground t o  t h e  v e h i c l e .  
through these  d i s t r i b u t o r s .  
The a .c .  power i s  a l s o  rou ted  
AS s t a t e d  ear l ier ,  t h e  o v e r a l l  e l e c t r i c a l  system layout  i s  s t a r t e d  
w i t h  a cab le  in t e rconnec t ion  diagram, which i d e n t i f i e s  each c a b l e  harness .  
Since the in t e rconnec t ing  o f  a l l  e l e c t r i c a l l y - o p e r a t e d  equipment i s  
c e n t r a l l y  c o n t r o l l e d  by the  d i s t r i b u t o r  design,  e l e c t r i c a l  systems hard- 
ware can be p r e f a b r i c a t e d  and inspected p r i o r  t o  d e l i v e r y  t o  v e h i c l e  f o r  
i n s t a l l a t i o n .  During t h e  v e h i c l e  assembly ope ra t ions ,  i t  i s  only neces-’ 
s a r y  t o  secu re  t h e  components i n  p o s i t i o n  and t o  p l ace  t h e  c a b l e  harness  
p rope r ly .  The in t e rconnec t ion  diagrams show t h e  cab le  d i s t r i b u t i o n  from 
component t o  component. 
i ng ,  cab le s  a r e  provided t o  connect such components d i r e c t l y .  I n  o t h e r  
c a s e s ,  t h e  components a r e  interconnected through t h e  e l e c t r i c a l  network 
by the  d i s t r i b u t o r s .  Within the  d i s t r i b u t o r s ,  t h e  o p e r a t i n g  v o l t a g e s  
are picked up, event s i g n a l s  are  provided, and ou tpu t  s i g n a l s  are d i s -  
patched as r equ i r ed .  
Where s i g n a l  t ransmission occurs  without  switch- 
The c o n t r o l  of i n f l i g h t  s e q u e n t i a l  events  a f t e r  l i f t o f f  i s  der ived 
from t h e  program device on SA-5 and SA-6. 
q u e n t i a l  events  w i l l  be der ived from the  guidance computer. 
of t h e  program device d e l i v e r s  the pu l ses  t o  t h e  f l i g h t  sequencer. 
a t i o n  of t h e  program device and f l i g h t  sequencer combination system i s  
desc r ibed  i n  s e c t i o n  111. 
On SA-7,  t h e  c o n t r o l  of s e -  
One channel 
Oper-  
Another important func t ion  of t h e  e l e c t r i c a l  system i s  t o  provide 
checkout c a p a b i l i t y  of a l l  components and subsystems without  i n t e r r u p t i n g  
v e h i c l e  c i r c u i t r y .  Test  and countdown sequences were designed i n t o  the  
complete e l e c t r i c a l  system; t o  accomplish t h i s ,  a c l o s e  l i a i s o n  w a s  
maintained wi th  subsystem design groups a t  a l l  t i m e s .  
system i s  s o  designed and i n t e g r a t e d  t h a t  a f a i l u r e  of a major component 
o r  c i r c u i t  w i l l  i n t e r r u p t  t h e  countdown sequence. 
The e l e c t r i c a l  
SECTION 11. VEHICLE SUBSYSTEMS 
The subsystems b r i e f l y  described i n  t h i s  s e c t i o n  employ e l e c t r i c a l  
components t o  ope ra t e  and monitor t h e  va r ious  v e h i c l e  func t ions .  
monitor ing equipment determines whether t he  subsystems a r e  ope ra t ing  as 
The 
\ 
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designed. These components and equipment are i n t e g r a t e d  i n t o  t h e  o v e r a l l  
e l e c t r i c a l  network so  the  v e h i c l e  may accomplish i t s  planned mission. 
A. ELECTRICAL POWER 
The e l e c t r i c a l  power system of Sa tu rn  SA-5 through SA-7 c o n s i s t s  
of 28-volt  b a t t e r i e s ,  5 types of power s u p p l i e s ,  and 450 VA s t a t i c  i n -  
v e r t e r s .  One p a i r  of t h e  b a t t e r i e s  i s  loca ted  i n  u n i t  1 2  of t h e  s-I s t a g e  
and the o the r  p a i r  i s  loca ted  i n  t h e  Instrument Unit .  Each b a t t e r y  sup- 
p l i e s  a n  independent bus. 
Vehicle b a t t e r y  power i s  switched on a t  power t r a n s f e r  by con tac to r s  
i n  t h e  power d i s t r i b u t o r .  Power t r a n s f e r  i s  t h e  switching of d.c. power 
from ground gene ra to r s  t o  v e h i c l e  b a t t e r i e s .  
. A 60 V d .c .  power supply,  l oca t ed  i n  t h e  Instrument Unit ,  provides 
a h igh ly  f i l t e r e d  and p r e c i s e l y  r egu la t ed  r e fe rence  s i g n a l  t o  t h e  c o n t r o l  
system command and feedback potent iometers  f o r  guidance and c o n t r o l  of 
t he  v e h i c l e .  
Eight  measuring v o l t a g e  supply modules, l oca t ed  i n  the  S - I  s t a g e ,  
supply p r e c i s e l y  r egu la t ed  5 V d .c .  r e f e rence  vo l t age  t o  the  engine 
systems t o  be used with te lemetry.  
Two master measuring v o l t a g e  s u p p l i e s  are  loca ted  i n  the  v e h i c l e .  
One i s  located i n  u n i t  12 of t he  S-I s t a g e  and t h e  o t h e r  i s  loca ted  i n  
the Instrument Unit .  These vo l t age  supp l i e s  a r e  used f o r  measuring r e f -  
erences and f o r  supplying p r e c i s e l y  r e g u l a t e d ,  i s o l a t e d  5 V d . c .  r e f e rence  
vo l t ages  t o  t h e  va r ious  measuring devices .  
The 56 V d.c. power supply provides a r e g u l a t e d  v o l t a g e  output  from 
no load t o  f u l l  load. It i s  used i n  the  Instrument  Unit t o  provide power 
f o r  t he  torque a m p l i f i e r s  of t h e  ST-124 s t a b i l i z e d  platform.  
The 2400 V power supply,  l oca t ed  i n  t h e  S-IV i n t e r s t a g e ,  i s  a s t a t i c  
conve r t e r  used t o  fu rn i sh  power t o  t h e  s t r o b e  l i g h t s .  The ou tpu t  of t h i s  
power supply i s - a  ramp func t ion  of 2400 V peak a t  a continuous c u r r e n t  
of 150 mA. 
Another type of e l e c t r i c a l  power equipment, al though no t  furnished 
by the  E l e c t r i c a l  Systems I n t e g r a t i o n  Branch, i s  t h e  450 VA s t a t i c  i n -  
‘ver ter  t h a t  has an  inpu t  of 28 V d.c. and a n  ou tpu t  of 3 phase 115 V 
400 Hz. Four i n v e r t e r s  a r e  used on SA-5 and SA-6 (3  i n  t h e  Instrument 
Unit and 1 i n  the  S - I  s t a g e ) ,  wh i l e  only t h r e e  are used on SA-7 (2 i n  
the Instrument Unit and 1 i n  the  S-I s t a g e ) .  
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B. ENGINE START AND CUTOFF 
1. S t a r t i n g  Sequence (FIG. 3) 
The i n i t i a l  s tar t  s i g n a l  a c t i v a t e s  t h e  s o l i d  p r o p e l l a n t s  
w i t h i n  t h e  t u r b i n e  sp inne r ,  and high p r e s s u r e  burning gases  are forced 
i n t o  t h e  gas t u r b i n e .  Driven by the gases ,  t h e  gas t u r b i n e  a c c e l e r a t e s  
and d r i v e s  t h e  f u e l  and o x i d i z e r  turbopump through the  turbopump gear-  
box. A t  t h i s  p o i n t ,  t he  turbopump i s  working a g a i n s t  c losed  p r o p e l l a n t  
va lves .  Fuel  i s  forced through a f u e l  f eede r  l i n e  connected t o  t h e  main 
f u e l  l i n e  above the  main f u e l  valve.  This f u e l  d i scha rge  l i n e  c a r r i e s  
t h e  p re s su r i zed  f u e l  t o  the  main oxidizer  v a l v e ,  t he  lube a d d i t i v e  b l ende r ,  
and the  squib-operated conax valve.  
an  Oronite' l u b r i c a n t  during f l i g h t .  The conax v a l v e ,  normally c losed ,  
does not func t ion  during s t a r t i n g ,  bu t  begins t o  open when t h e  f u e l  p r e s -  
s u r e  reaches approximately 14 kg/cm2. A sequence v a l v e ,  which i s  mechan- 
i c a l l y  l inked t o  t h e  main ox id ize r  v a l v e ,  opens when the  ox id ize r  va lve  
has p a r t i a l l y  opened, allowing the p re s su r i zed  f u e l  t o  flow t o  the  hyper- 
g o l i c  i g n i t e r .  The burst-diaphragms of t h e  hypergol ic  i g n i t e r  rup tu re  
a t  approximately 21 kg/cm2, allowing t h e  hypergol ic  mixture and i g n i t e r  
f u e l  t o  flow toward t h e  t h r u s t  chamber. On t h e  downstream s i d e  of t h e  
hypergol ic  i g n i t e r ,  t he  f u e l  pressure begins t o  overcome t h e  sp r ing  
c l o s i n g  p res su re  of t he  main f u e l  va lve  (providing t h e  i g n i t i o n  monitor 
v a l v e  i n  the  t h r u s t  chamber i n d i c a t e s  t h a t  primary i g n i t i o n  has taken 
p l ace ) .  From t h e  main p r o p e l l a n t  l i n e s ,  f u e l  and o x i d i z e r  flow t o  t h e  
gas generator  w i th  a s l i g h t  oxidizer  lead t o  s t a r t  b o o t s t r a p  operat ion.  
The l i q u i d  oxygen and f u e l  mixture suppl ied by t h e  b o o t s t r a p  l i n e s  are 
t g n i t e d  by c o n t a c t  w i th  ho t  gases  from t h e  gas gene ra to r .  A s  combustion 
becomes s t a b l e  i n  t h e  gas generator ,  main s t a g e  o p e r a t i o n  i s  sus t a ined .  
The f u e l  a d d i t t v e  blender  supp l i e s  
2.  Cutoff Sequence (FIG. 4) 
Engine cu to f f  i s  i n i t i a t e d  by means of a squib-actuated 
conax valve.  Upon r e c e i p t  of an e l e c t r i c a l  s i g n a l ,  an explosive charge 
w i t h i n  t h i s  va lve  b u r s t s  a m e t a l  diaphragm, al lowing f u e l  t o  flow under 
p re s su re  t o  t h e  c los ing  s i d e  of the main o x i d i z e r  va lve .  
c l o s e s  the  main o x i d i z e r  va lve ,  c u t t i n g  o f f  l i q u i d  oxygen flow t o  the  
t h r u s t  chamber and t o  t h e  gas generator .  
begin t o  decay. 
s p r i n g  c los ing  p res su re  i n  t h e  main va lve  overcomes f u e l  p re s su re  and 
t h e  va lve  c l o s e s .  Thus, t he  f u e l  t o  t h e  engine i s  c u t  o f f .  Engine 
shutdown i s  completed approximately one second a f t e r  t he  i n i t i a l  c u t o f f  
s i g n a l .  
Spring p res su re  
Turbopump speed and p res su re  
When f u e l  pressure reaches approximately 14 kg/cm2, 
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ILE 1. PRELIMINARY SA-5 S-I  PROGRAM . 
Func t i o n  
Spare 
Energize engine-out t i m e  r e l a y  
Spare 
Spare 
Close f u e l  p r e s s  va lve  No. 3; s tar t  r eco rde r  
Close f u e l  p re s s  va lve  No. 2;  s tar t  camera l e n s  purge 
Close f u e l  p re s s  va lve  No. 1; ene rg ize  LOX-SOX high 
pres su re  va lves  Nos. 1 and 2 
Spare 
S-IV te lemet ry  c a l i b r a t e  command 
LH2 p r e s t a r t ;  power t o  6 cameras 
Power t o  charge po r t  ven t  EBW 
Enable p rope l l an t  l e v e l  sensors  
Inboard c u t o f f ;  open LOX-SOX purge va lves  Nos. 2,  3, 5 ,  
Spare 
Open LOX-SOX purge va lve  No. 4 
Spare 
Open LOX-SOX purge va lves  Nos. 1 and 7 
Outboard engine cu to f f  
Spare 
Separa t ion  - s i g n a l  t o  s e p a r a t i o n  EBW f i r i n g  u n i t  and 
and 6 
r e t r o r o c k e t  EBW f i r i n g  u n i t s .  S t a r t  25 second de lay  
t i m e r  f o r  camera e i e c t i o n  and tape reco rde r  playback 
3LE 2, PRELIMINARY SA-5 I U  PROGRAM 
Function 
Extended r o l l  on 
Extended r o l l  o f f  
Switch po in t  c o n t r o l  computer 
Switch po in t  c o n t r o l  computer 
Switch po in t  c o n t r o l  computer 
Stop program device 
F i r e  u l l a g e  rocke t s  
Switch c o n t r o l  system t o  S-IV s t a g e ;  S-11s-IV s t a g e  
Ac t iva t e  He h e a t e r s  LOX va lve  
S-IV engine s tar t  
E n a b l e  S-IV engine-out 
Spare 
Enable S-IV p rope l l an t  u t i l i z a t i o n  
J e t t i s o n  u l l a g e  rocke t s  
Tape r eco rde r  record  
Switch p o i n t  c o n t r o l  computer 
Arm S - I V  engine cu to f f  
S-IV engine cu to f f  
Tape r eco rde r  s t o p  
S-IV t e l eme te r  c a l i b r a t i o n  and t ape  r eco rde r  playback 
s e p a r a t i o n  
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C. FLIGHT SEQUENCING 
1. Program Device 
The program device,  the source o f  a l l  i n f l i g h t  sequencing, 
provides accurately- t imed p u l s e s  used t o  i n i t i a t e  and program v a r i o u s  
guidance, c o n t r o l ,  and sequenced funct ions.  It i s  a p r e c i s e  6-channel 
magnetic tape r eco rde r ,  of which 3 channels are  used f o r  programing t h e  
Sa tu rn  v e h i c l e .  One channel suppl ies  t h e  pu l ses  f o r  t h e  S-I sequencing, 
another  s u p p l i e s  t h e  pu l ses  f o r  t h e  Instrument  Unit sequencing, and t h e  
t h i r d  i s  used f o r  a c t i v a t i n g  t h e  telemeter c a l i b r a t i o n  commutator. The 
program device t a p e  starts operating from ze ro  a t  l i f t o f f ;  the t i m e  of 
a c t u a l  s t a r t - t o - s t o p  ope ra t ion  i s  based on v e h i c l e  l i f t o f f .  
be fo re  f u e l  dep le t ion ,  t he  program device i s  stopped and then r e s t a r t e d  
a t  f u e l  dep le t ion .  This means t h a t  a l l  t i m e s  r e l a t e d  t o  program device 
o p e r a t i o n  a f t e r  t h i s  p o i n t  are based on f u e l  d e p l e t i o n  of t h e  S - I  s t a g e .  
A t  1.9 seconds a f t e r  f u e l  deplet ion s i g n a l ,  t h e  four  inboard engines are 
c u t  o f f ;  then 6 seconds l a te r ,  the outboard engines are c u t  o f f .  The 
program device w i l l  be omitted a f t e r  SA-6 and i t s  funct ions w i l l  be  taken 
over by t h e  c o n t r o l  computer. 
A few seconds 
2.  F l i g h t  'Sequencer 
The f l i g h t  sequencer i s  a series of r e l a y s  designed t o  re- 
c e i v e  and respond t o  pu l ses  from the program device.  Each t i m e  t h e  pro- 
gram device sends a p u l s e  t o  t h e  f l i g h t  sequencer,  a r e l a y  i n  the  series 
i s  operated,  and t h e  c i r c u i t r y  for v e h i c l e  system sequencing i s  completed. 
The s t e p  func t ions  of t he  f l i g h t  sequencer and s l a v e  f o r  both the S - I  
s t a g e  and t h e  Instrument Unit a r e  l i s t e d  i n  Tables 1 and 2 (Prel iminary 
S - I  Program and Prel iminary Instrument Unit Program). 
D. GUIDANCE AND CONTROL 
The h e a r t  of the c o n t r o l  system i s  t h e  c o n t r o l  computer and i t s  
a c t u a t i n g  equipment (FIG. 5 ) .  
The s t a b i l i z e d  platform and i ts  a u x i l i a r y  sensing equipment s e r v e  
as t h e  b a s i c  r e fe rence  f o r  s igna l s  of t he  c o n t r o l  system. The c o n t r o l  
system senses  and s t a b i l i z e s  t h e  v e h i c l e  i n  f l i g h t  through the n u l l -  
seeking devices  t h a t  continuously compare t h e  a c t u a l  f l i g h t  information 
w i t h  the  programed f l i g h t  d a t a .  The s i g n a l s  der ived from the  s t a b i l i z e d  
p l a t fo rm are channeled through the v e h i c l e  c i r c u i t r y  t o  t h e  c o n t r o l  com- 
p u t e r .  The c o n t r o l  computer t r a n s l a t e s  t hese  s i g n a l s  i n t o  c o n t r o l  s i g n a l s  
and r o u t e s  them t o  t h e  e l ec t ro -hydrau l i c  a c t u a t o r s  which oimbal t h e  fou r  
outboard engines accordingly.  
The power f o r  ope ra t ing  t h e  c o n t r o l  system components i s  fu rn i shed  
through the  v e h i c l e  network system. The i n t e g r a t i o n  and in t e rconnec t ion  
of t h e  v e h i c l e  c o n t r o l  system w i t h  t h e  ground support  equipment are accom- 
p l i s h e d  through t h e  e l e c t r i c a l  i n t e g r a t i o n  system. 
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E. PRESSURIZATION, HEATING, AND COOLING 
1. Pressurization 
t 
a. Fuel Pressurization. Nitrogen gas (GN2) pressure is 
supplied from the pressure spheres to the fuel tanks through the air 
manifold. The GN2 pressure is controlled by three fuel tank pressuri- 
zation valves located in the manifold system. These valves are elec- 
trically actuated by a pressure switch which is also located in the 
manifold system. The three pressurization valves are sequenced during 
powered flight by signals from the flight sequencer to the pressure 
switch, which cuts the pressurization valves in or out of the pressure 
system. . The valves are cut in or out to regulate the pressurization 
rate required to maintain the desired pressure within the tanks. Prior 
to firing command, the fuel tanks are initially pressurized by a signal 
from the ground. The desired pressure is maintained throughout powered 
flight by the action of the pressure switch which activates the valves, 
as required, in a three-two-one-zero sequence. As the fuel is consumed, 
the switch senses a drop in fuel tank pressure and signals the valves 
to open as required. 
will signal the pressurization valves to close as the pressures reach 
the required value. 
When the pressure increases, the pressure switch 
b. Liquid Oxygen Pressurization. The liquid oxygen (LOX) 
tanks are initially pressurized from a ground pressure supply. 
the engines are running, the LOX is changed to gaseous oxygen (GOX) by 
the LOX passing through the heat exchanger. The GOX is piped from the 
heat exchanger to the LOX tanks for maintaining the desired pressure 
within the tanks. Pressure in the LOX tanks is controlled by a LOX 
relief vent valve which is mechanically opened at a presef pressure, 
thus holding the pressure in the LOX tanks constant. 
be electrically vented from the blockhouse at any time. 
When 
The LOX tanks may 
2. Heating 
a. Air Bearing Air Heaters. The air supply to the air 
bearing gyros requires heat that is supplied by,heaters located in the 
platform air supply lines. 
cuitry when the gyros are started. Thermostats located in the air lines 
sense the air temperature and turn the heaters off at the desired tem- 
perature. The heaters are cycled ON and OFF by these thermostats to 
keep the air supply to the air bearings at a constant temperature. 
The heaters are energized by vehicle cir- 
b. Angle-Of-Attack Meter Heaters (SA-5 Only). The four 
angle-of-attack meters (alpha probes) used in the control system of the 
vehicle contain heating elements to prevent the probes from icing during 
flight. 
heaters are energized. The heaters have no thermostats to prevent over- 
heating; therefore, they are turned off at a preset time, through the 
flight sequencer, by vehicle circuitry. 
Upon ground cornand, the alpha probes are extended and the 
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3 .  Coolinp, 
The S - I  s t a g e  employs a coo l ing  system t o  f u r n i s h  c o n t r o l l e d  
cool ing f o r  t he  two instrument con ta ine r s  t h a t  occupy the  upper p a r t s  of 
f u e l  tanks F-1 and F-2. Before f l i g h t ,  cooled a i r  from a ground u n i t  i s  
admit ted i n t o  a manifold and then ducted i n t o  t h e  instrument con ta ine r s .  
The a i r  i s  then c i r c u l a t e d  and i s  r e tu rned  t o  t h e  ground u n i t  through 
another  manifold. This coo l s  t he  instrument  c o n t a i n e r s  t o  a temperature 
s u f f i c i e n t l y  low t o  i n s u r e  an  acceptable  temperature range,  throughout 
t h e  powered f l i g h t  of t he  f i r s t  s t a g e .  Before l i f t o f f ,  t h e  ground u n i t  
i s  disconnected and the  con ta ine r s  a r e  sea l ed  o f f .  Since t h e  instrument  
c a n i s t e r s  r equ i r e  vent ing throughout f l i g h t ,  because of t h e  i n c r e a s e  of 
a i r  temperature w i t h i n  t h e  c a n i s t e r s ,  a f i x e d  o r i f i c e  i s  i n s t a l l e d  t o  
provide vent ing.  
The Instrument Unit i s  cooled o r  heated as r equ i r ed  by a ground u n i t  
during p repa ra t ion  f o r  f l i g h t  and u n t i l  approximately 150 seconds be fo re  
l i f t o f f .  A thermal probe, which i s  energized when t h e  ground a i r  condi-  
t i o n i n g  equipment i s  s t a r t e d ,  senses  temperature of t h e  pre-cooled a i r  
being vented i n t o  the i n t e r s t a g e  compartment. This thermal probe pro- 
v ides  c o n t r o l  of t he  ground a i r  cond i t ion ing  f o r  r e g u l a t i o n  of t he  pre-  
cooled a i r  a t  t h e  i n l e t  t o  t h e  Instrument Unit .  
Approximately 150 seconds be fo re  l i f t o f f ,  t he  ground cool ing u n i t  
ceases  t o  funct ion and t h e  i n f l i g h t  cool ing system begins t o  ope ra t e .  
The i n f l i g h t  cool ing i s  accomplished by gaseous n i t rogen ,  which e n t e r s  
t h e  cooled a i r  stream and c i r c u l a t e s  throughout t h e  Instrument Unit .  A 
p re s su re  switch and so leno id  va lve  r e l i e v e  excess ive  p re s su re  caused by 
t h e  GN2 by bleeding the  cooled a i r  i n t o  t h e  i n t e r s t a g e  compartment. 
From t h e  i n t e r s t a g e  ad jacen t  t o  t h e  Instrument  Unit (S-IV forward i n t e r -  
s t a g e ) ,  the cooling a i r  i s  vented t o  the  atmosphere through four  o r i f i c e s .  
F. TELEMETER MEASURING 
Being developmental v e h i c l e s ,  the Sa tu rn  SA-5, SA-6, and SA-7 a r e  
heav i ly  instrumented. Approximately 1200 measurements are t o  be made and 
te lemetered back t o  ground s t a t i o n s  during f l i g h t .  The S - I  s t a g e  has 6 
te lemetry l inks t h a t  t r ansmi t  d a t a  from more than  700 measurements. About 
340 measurements i n  the  S-IV s t a g e  are t r a n s m i t t e d  back t o  ground s t a t i o n s  
The Instrument Unit  con ta ins  t e l eme t ry  l i n k s  t h a t  accommodate about 200 
measurements. The s i g n a l s  from t h e s e  t e l eme te r  u n i t s  a r e  gathered from 
a l l  a r e a s  of t h e  v e h i c l e  and routed t o  the  proper t e l eme t ry  channel by . 
t h e  v e h i c l e  measuring c i r c u i t r y .  
G. TRACKING AND RANGE SAFETY 
1. Tracking 
The on-board u n i t s  of t h e  Sa tu rn  t r a c k i n g  equipment c o n s i s t s  
of UDOP (UHF doppler v e l o c i t y  and p o s i t i o n ) ,  C-band r a d a r  beacon AN/DPN-55, 
. 
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Azusa t ransponder ,  and Mistram (mis s i l e  t r a j e c t o r y  measurement system). 
This t r a c k i n g  equipment i s  powered and operated through v e h i c l e  c i r c u i t r y .  
a. UDOP. This system i s  one of t h e  most a c c u r a t e  systems 
p r e s e n t l y  a v a i l a b l e  f o r  t r ack ing  b a l l i s t i c  v e h i c l e s .  The vehicle-borne 
transponder and t h e  f i x e d  s t a t i o n  t r a n s m i t t e r  and r e c e i v e r s  d e s c r i b e  a n  
e l l i p s o i d .  The f i x e d  s t a t i o n . t r a n s m i t t e r  and r e c e i v e r s  a r e  a t  t h e  f o c i ,  
and t h e  vehicle-borne transponder is a p o i n t  on t h e  e l l i p s o i d  s u r f a c e .  
The d i s t a n c e s  from t h r e e  s t a t i o n s  a r e  combined geometr ical ly  t o  g i v e  t h e  
p o s i t i o n  of t h e  v e h i c l e  i n  space.  
a m p l i f i e r  are loca ted  i n  the  Instrument Unit .  
The AN/DRN-11 transponder and CM-267O/DRN 
b. C-Band Radar Beacon AN/DPN-55. The AN/DPN-55 i s  a com- 
pac t  high-power t r a c k i n g  a i d  f o r  use i n  v e h i c l e s  t o  extend t h e  t r a c k i n g  
range of t h e  p r e c i s i o n  t r ack ing  AN/FPS-16 C-band r a d a r  ground s t a t i o n .  
This r ada r  provides h igh ly  accurate  t r a j e c t o r y  d a t a  f o r  eva lua t ing  pe r -  
formance and f o r  maintaining range s a f e t y .  The vehicle-borne AN/DPN-55 
func t ions  as a transponder i n  response t o  p u l s e  i n t e r r o g a t i o n s  from t h e  
ground s t a t i o n .  
c .  Azusa Transponder. The Azusa system provides a means 
f o r  ob ta in ing  r ea l - t ime  ( instantaneous)  p o s i t i o n  and v e l o c i t y  information.  
This i s  an  automatic ,  high-precis ion,  e l e c t r o n i c  t ra jectory-measuring 
system c o n s i s t i n g  of a ground s t a t i o n  and a vehicle-borne transponder.  
The system determines v e h i c l e  p o s i t i o n  by measuring s l a n t  range and d i -  
r e c t i o n  from the ground s t a t i o n  t o  t h e  v e h i c l e  transponder.  
d. M i s t r a m .  This sys t em determines t h e  p o s i t i o n  and v e l o c i t y  
The system measures p o s i t i o n  and v e l o c i t y  v e c t o r s  i n  r e a l  
of a v e h i c l e  by use of i n t e r f e romete r  r a d a r  measurements and t r i a n g u l a t i o n  
techniques.  
time and r eco rds  t h e  d a t a  on tape f o r  p o s t - f l i g h t  a n a l y s i s .  
system i s  comprised of a c e n t r a l  X-band ground s t a t i o n ,  four  remote ground 
s t a t i o n s ,  and a vehicle-borne transponder.  
The M i s t r a m  
2 .  Range Sa fe ty  
t 
Range s a f e t y  i s  a necess i ty  t o  prevent i n j u r y  and l o s s  of 
l i f e .  The range s a f e t y  o f f i c e r ,  s t a t i o n e d  i n  t h e  c e n t r a l  blockhouse, has 
complete c o n t r o l  over t he  v e h i c l e  and can des t roy  i t  t h e  i n s t a n t  a hazard- 
ous cond i t ion  e x i s t s .  I f  a veh ic l e  p r e s e n t s  a hazardous cond i t ion  during 
f l i g h t ,  t he  s a f e t y  o f f i c e r  w i l l  destroy it through a UHF command c o n t r o l  
and d e s t r u c t  system. This i s  a dual-channel system t o  provide a 100 pe r -  
c e n t  backup. This system i s  composed of two AN/DRW-13 command r e c e i v e r s  
and the FRW-2 ground t r a n s m i t t e r .  The d e s t r u c t  and o the r  v e h i c l e  commands 
a r e  t r ansmi t t ed  by frequency-modulating t h e  dua l  FRW-2 command t r a n s m i t t e r  
( l o c a t e d  a t  t he  launch s i t e )  with s e l e c t e d  combinations of audio tones .  
This frequency-modulated c a r r i e r  i s  r ece ived  and demodulated by each of 
t h e  command r e c e i v e r s .  
decoder where they a r e  separated according t o  frequency t o  ene rg ize  t h e  
proper combination of r e l a y s  f o r  execution of t h e  d e s i r e d  command. The 
range s a f e t y  antennas are located on t h e  S - I  and S- IV  s t a g e s .  
The recovered audio-tones are  then app l i ed  t o  the  
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SECTION 111. ELECTRICAL POWER AND INTEGRATION COMPONENTS 
The components descr ibed i n  t h i s  s e c t i o n  a r e  t h e  major u n i t s  i n  t h e  
S-I s t a g e  and t h e  Instrument Unit used t o  i n t e g r a t e  the  v e h i c l e  e l e c t r i c a l  
systems i n t o  a func t iona l  network (FIGS. 6 through 10) .  
provide,  switch,  d i s t r i b u t e ,  and sequence the e l e c t r i c a l  energy needed t o  
s t a r t ,  s t o p ,  c o n t r o l ,  and monitor t h e  v e h i c l e  from launch t o  t h e  completion 
of i t s  mission. A physical  and e l e c t r i c a l  d e s c r i p t i o n  i s  given f o r  a t  
least  one of each type of component. 
same u n i t s  used i n  t h e  v e h i c l e ,  e . g . ,  measuring d i s t r i b u t o r ,  a d e s c r i p t i o n  
of one u n i t  i s  given. 
The components 
When t h e r e  i s  more than  one of t h e  
A .  BATTERIES - 28 VOLT 
1. Type 4069 Ba t t e ry  (FIG. 11) 
Two t y p e  4069-3 z i n c - s i l v e r  oxide 28-vol t  b a t t e r i e s  are 
loca ted  i n  u n i t  1 2  of t he  S-I s t a g e .  These b a t t e r i e s  supply power f o r  
ope ra t ing  the S - I  s t a g e  e l e c t r i c a l  components. There i s  a l s o  one type 
4069-3 b a t t e r y  located i n  t h e  Instrument Unit t o  supply one-half t h e  
power requirements f o r  t h a t  u n i t .  The remaining power requirements are 
furnished by a type 4070 b a t t e r y .  
The three type 4069-3 b a t t e r i e s  a r e  i d e n t i c a l  and each u n i t  weighs 
approximately 34 kg. 
54.6 cm by 20.8 cm by 22.6 cm, including t h e  connectors ,  p re s su re  v e n t ,  
and o t h e r  hardware. The two connectors on each b a t t e r y  are designed t o  
permit vo l t age  adjustment without  d i s t u r b i n g  i n t e r n a l  c e l l  connect ions.  
The wi r ing  diagram (FIG. 12)  d e p i c t s  t h e  cab le  t i e  p o i n t s  t o  t h e  c e l l s  
and connectors.  The connectors provide a means t o  va ry  t h e  v o l t a g e  t a p s  
by choosing e i t h e r  20, 2 1 ,  o r  22 c e l l s .  This i s  accomplished by connect-  
ing the  des i r ed  "b l ind  plug" t o  b a t t e r y  connector MS-3102-36-5s. The 
output  vo l t age  can b e  a d j u s t e d ,  depending on load requirements ,  t o  t h e  
28-volt  range by the  c e l l  s e l e c t i n g  tap .  
Each b a t t e r y  i s  housed i n  a c a s t  magnesium case  
The nominal vo l t age  of each c e l l  i s  1.5 v o l t s  and t h e  nominal c a p a c i t y  
of t h e  b a t t e r y  i s  2650 ampere-minutes a t  a 10 minute d i scha rge  ra te .  The 
c e l l s  are assembled i n  a dry-charge s ta te  and a r e  prepared f o r  use by a c t i -  
v a t i n g  wi th  a 30 percent  s o l u t i o n  of potassium hydroxide i n  water. Ba t t e ry  
a c t i v a t i o n  i s  accomplished manually p r i o r  t o  i n s t a l l a t i o n .  Ac t iva t ion  i s  
s i m p l i f i e d  and a c c u r a t e l y  c o n t r o l l e d  by a d e t a i l e d ,  s e l f - check ing  procedure 
and by the  design of the a c t i v a t i o n  assembly employed. 
Af t e r  a c t i v a t i o n ,  t he  b a t t e r y  i s  b r i e f l y  l o a d - t e s t e d  t o  a s s u r e  proper 
It may be used almost i m e g i a t e l y  cond i t ion  and performance of each c e l l .  
t h e r e a f t e r  without charging o r  soaking. Because of t h e  primary one-shot 
c h a r a c t e r i s t i c s ,  the b a t t e r y  s p e c i f i c a t i o n s  have conse rva t ive ly  l i m i t e d  the  
a c t i v a t e d  standby time t o  7 2  hours a t  48.8" C .  
' .  
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FIGURE 10. INSTRUMENT UNIT - VERTICAL CENTER CONTAINER. 
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FIGURE 12.  E-P MAP-4069-3 WIRING DIAGRAM. 
2 .  Type 4070 Bat te ry  (FIG. 13) 
A type 4070 28-volt  b a t t e r y ,  l oca t ed  i n  the  Instrument  Uni t ,  
supp l i e s  one-half  t he  power requirements.  The remaining power r e q u i r e -  
ments are furn ished  by a type  4069-3 b a t t e r y  which has been d iscussed  
previous ly  . 
The type 4070 i s  an  a l k a l i n e  e l e c t r o l y t e  b a t t e r y  i n  which s i l v e r -  
oxide and z inc  are employed a s  the a c t i v e  p l a t e  ma te r i a l s .  
c o n s i s t s  of  2 1  c e l l s  i n  s e r i e s  (FIG. 14) wi th  capac i ty  t o  provide 1850 
ampere-minutes a t  28 v o l t s  when discharged a t  a 10 minute r a t e .  
This  b a t t e r y  
The b a t t e r y  i s  housed i n  a c a s t  magnesium case .  The i n d i v i d u a l  c e l l s  
a r e  permanently a f f i x e d  t o  the  case and t o  each o the r  by an epoxy-resin 
po t t ing  compound. Access t o  t h e  c e l l s  f o r  purposes of a c t i v a t i o n  i s  made 
by removing the  cover p l a t e  of the b a t t e r y  case .  A vent  tube i n  t h e  
b a t t e r y  case  r e l i e v e s  i n t e r n a l  pressure  i f  any gas  i s  genera ted .  Ex- 
c e s s i v e  gassing does not occur when the  b a t t e r y  i s  used w i t h i n  i t s  c u r r e n t  
and capac i ty  r a t i n g s ,  bu t  might occur under condi t ions  of a severe  over-  
load ,  such a s  a s h o r t  c i r c u i t .  
The b a t t e r y  i s  manually ac t iva t ed  by f i l l i n g  each c e l l  w i th  e x a c t l y  
85 cc of potassium hydroxide i n  water  (30% s o l u t i o n ) .  
of t h i s  s o l u t i o n  should be 1.409 3 a t  25°C. A f t e r  a c t i v a t i o n ,  t h e  b a t t e r y  
has  a nominal standby t i m e  of 7 2  hours  a t  5 1 . 6 " C .  
a dry-charged cond i t ion  i n  a des icca ted  con ta ine r .  
The s p e c i f i c  g r a v i t y  
The u n i t  i s  shipped i n  
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FIGURE 14. E-P MAP-4070 W I R I N G  DIAGRAM. 
The b a t t e r i e s  measure 48.66 cm by 22.86 cm by 17.15 cm, inc luding  
connectors  and o the r  e x t e r n a l  hardware. Each of  t h e  b a t t e r i e s  weighs 
approximately 25 kg when a c t i v a t e d  f o r  f l i g h t  use .  
B. POWER SUPPLIES 
1. Control  Voltage 60-Volt Power Supply (FIG. 15) 
The c o n t r o l  vo l t age  supply i s  a s t a t i c  conver te r  used t o  
f u r n i s h  a h igh ly  f i l t e r e d  and p rec i se ly  r egu la t ed  r e fe rence  s i g n a l  t o  t h e  
c o n t r o l  system command and feedback poten t iometers  f o r  guidance and con- 
t r o l  of t he  v e h i c l e .  This  vol tage supply,  l oca t ed  i n  u n i t  802 c e n t e r ,  i s  
18.08 cm by 28.28 cm by 12.07 cm and weighs 4.8 kg. The vo l t age  supply 
r e q u i r e s  3-phase,  400 Hz, 115 V a .c .  l i n e - t o - l i n e  inpu t  from t h e  i n v e r t e r  
and provides  a , r e g u l a t e d  d . c .  output of 60 v o l t s  50.25% and a c u r r e n t  
capac i ty  of 0 t o  2 amperes. 
FIGURE 16 shows t h e  block diagram of t h e  c o n t r o l  vo l t age  supply.  The 
inpu t  power i s  fed  i n t o  f i l t e r s  i n s e r t e d  i n  ser ies  w i t h  each phase t o  re-  
This  t ransformer i s  a 3-phase step-down u n i t  connected d e l t a - d e l t a  t o  pro-  
duce approximately 90 v o l t s  input t o  t h e  r e c t i f i e r  c i r c u i t .  Each phase 
i s  connected f o r  f u l l  wave r e c t i f i c a t i o n .  The output  i s  connected ac ross  
t h e  balanced br idge  r egu la to r  and a l s o  t o  t h e  g a t e  winding of t he  magnetic 
a m p l i f i e r .  The c o n t r o l  winding of t he  magnetic a m p l i f i e r  i s  i n s e r t e d  
' duce t r a n s i e n t s .  The f i l t e r e d  s igna l  i s  then  f ed  i n t o  t h e  inpu t  t ransformer .  
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FIGURE 15 .  CONTROL VOLTAGE SUPPLY. 
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FIGURE 16. BLOCK DIAGRAM OF CONTROL VOLTAGE SUPPLY. 
ac ross  t h e  balanced br idge  f o r  output  r egu la t ion .  Eight  zener diodes 
are connected i n  ser ies  t o  provide a r e fe rence  v o l t a g e  f o r  t he  b r idge .  
Seven of t hese  zener  diodes a r e  i n  a temperature  c o n t r o l l e d  oven and t h e  
e igh th  zener diode i s  loca ted  outs ide  t h e  oven and i s  used f o r  c a l i b r a -  
t i o n  purposes.  Regulat ion of the  output  v o l t a g e  of t h e  supply i s  achieved 
by t h e  magnetic a m p l i f i e r  and the  r e fe rence  provided by the  zeners  i n  t h e  
b r idge  c i r c u i t .  Control  i s  accomplished by t h e  d i r e c t i o n  of  t h e  c u r r e n t  
flow i n  the  c o n t r o l  winding i n  conjunct ion w i t h  t h e  balanced b r idge  c i r -  
c u i t .  I f  t h e  output  v o l t a g e  inc reases ,  c u r r e n t  flow i n  t h e  b r idge  un- 
ba l ances ,  thus producing an  increase  i n  t h e  zener  c u r r e n t  and i n  t h e  
c o n t r o l  winding. This a c t i o n  advances t h e  f i r i n g  angle  of t h e  g a t e  wind- 
ing  w i t h  a subsequent decrease i n  t h e  supply output  vo l t age .  I f  t h e  
output  vo l t age  decreases ,  t h e  cu r ren t  flow i n  the  br idge  i s  unbalanced 
i n  t h e  oppos i te  l eg  of t h e  br idge and r e s u l t s  i n  a r e v e r s a l  of t h e  c o n t r o l  
winding c u r r e n t .  This  a c t i o n  provides a de lay  of t h e  f i r i n g  ang le  of  t h e  
g a t e  winding and r e s u l t s  i n  an  inc rease  of t h e  supply output  v o l t a g e .  
2.  Measuring Voltage Supply Modules (FIG. 1 7 )  
E ight  measuring vol tage  supp l i e s  are i n  each of t h e  Sa turn  
SA-5 through SA-7 v e h i c l e s .  Two of t hese  d.c .  t o  d . c .  conver te rs  are  
mounted i n  each of t h e  four  measuring d i s t r i b u t o r s  loca ted  i n  u n i t  9 of 
t h e  S - I  s t a g e .  Each conver te r  suppl ies  a p r e c i s e l y  r egu la t ed  d . c .  r e f -  
e rence  v o l t a g e  t o  a sepa ra t e  engine system t o  be used i n  conjunct ion  wi th  
t h e  te lemet ry  system t o  monitor i n f l i g h t  engine performance. This  r e f -  
e rence  vo l t age  i s  5 V d .c .  regula ted  t o  15 mV a t  a r a t e d  output  of 100 mA. 
Each vo l t age  supply i s  8 . 1  cm by 5.0 c m  by 6 . 2  cm and weighs approximately 
315 grams. 
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FIGURE 1 7 .  MEASURING DISTRIBUTOR AND 5-V MEASURING VOLTAGE SUPPLY MODULE- 
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Each of t h e  conver te rs  energizes  poten t iometers  and o t h e r  sensing 
devices  f o r  an ind iv idua l  engine system and provides  an  independent and 
e l e c t r i c a l l y - i s o l a t e d  te lemet ry  re ference .  This  provides  a s a f e t y  f a c t o r  
s i n c e  one o r  more of t h e  engine systems o r  t h e  conve r t e r s  can f a i l  and 
no t  a f f e c t  t h e  o t h e r .  
OUTPUT 
w *  
5VD.C. 
FIGURE 18 shows t h e  block diagram of t h e  measuring v o l t a g e  supply 
module. 
i npu t  t o  a p r e c i s e  5 -vo l t  output  for  a load range of 0 t o  100 mA. 
The measuring vo l t age  supply conve r t s  a 24 t o  32 v o l t s  d.c.  
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The inpu t  vo l t age  i s  fed  i n t o  a series r e g u l a t o r  and switching o s c i l l a t o r  
combination. The output  transformer of t h i s  o s c i l l a t o r  has two windings.  
The main winding, a nominal 8 v o l t s ,  i s  r e c t i f i e d  and f i l t e r e d ;  then  i t  
i s  app l i ed  t o  t h e  input  of  a s e r i e s  r e g u l a t o r .  One winding i s  used f o r  
a p r e c i s e  r e fe rence .  
t h e  5 -vo l t  ou tput  v o l t a g e  supply and t h e  d i f f e r e n c e  between them i s  then  
fed  t o  a h igh-ga in ,  high-frequency response d .c .  a m p l i f i e r .  The output  
of  t h i s  a m p l i f i e r  i s  fed  i n t o  t h e  s e r i e s  r e g u l a t i n g  t r a n s i s t o r .  The ampli-  
tude of t h i s  v o l t a g e  c o n t r o l s  t h e  forward v o l t a g e  drop of t h i s  t r a n s i s t o r  
and r e g u l a t e s  t h e  output  vo l tage .  
The output  of t h e  r e f e r e n c e  winding i s  compared w i t h  
TO i n s u r e  t h e  r e g u l a t i o n  t h a t  i s  r equ i r ed  f o r  t h i s  vo l t age  supply,  
v o l t a g e  sens ing  w i l l  t ake  p lace  a t  t h e  output  connector .  By sensing a t  
t h i s  p o i n t ,  a l l  l i n e  and connector v o l t a g e  drops w i l l  be taken  i n t o  con- 
s i d e r a t i o n  and w i l l  no t  a f f e c t  t he  performance of t h e  power supply.  
3 .  Master Measuring Voltage Supply (FIG. 19) 
The master  measuring vol tage  supply i s  a d.c.  t o  d.c.  con- 
v e r t e r  opera ted  from t h e  28-vol t  b u s .  It d e l i v e r s  a p r e c i s e l y  r egu la t ed  
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FIGURE 19. MASTER MEASURING VOLTAGE SUPPLY. 
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5 V d.c.  t o  loads between zero  and one ampere. The e n t i r e  u n i t  was de- 
s igned  t o  compensate t o  w i t h i n  12.5 mV f o r  any combination of load var ia-  
t i o n s ,  input  load v a r i a t i o n s ,  and temperature v a r i a t i o n s .  
Two i d e n t i c a l  master  measuring v o l t a g e  supp l i e s  are loca ted  i n  t h e  
SA-5 through SA-7 veh ic l e s .  One i s  l oca t ed  i n  u n i t  12 o f  t h e  S - I  s t a g e  
and t h e  o t h e r  i s  loca ted  i n  the  Instrument  Unit .  The master measuring 
vo l t age  supply provides  a re ference  t o  measuring racks  and measuring 
d i s t r i b u t o r s .  These measuring racks and d i s t r i b u t o r s  f u r n i s h  v e h i c l e  
measuring devices  w i t h  t h e  5 V d.c.  r e f e rence  vo l t age  on which te lemet ry  
measurements are based. 
The dimensions o f  t h i s  u n i t  a r e  12.7 c m  by 2 0 . 3  c m  by 8.3 cm; i t  
weighs 1.82 kg. 
FIGURE 20 shows a s impl i f i ed  block diagram o f  t h e  Sa turn  master 
measuring v o l t a g e  supply.  The input  r e g u l a t o r  c o n s i s t s  of a r a d i o  f r e -  
quency f i l t e r  t o  keep no i se  generated w i t h i n  from r e f l e c t i n g  t o  t h e  inpu t  
l i n e  and a series r e g u l a t o r  type f i l t e r  t o  keep l a r g e  t r a n s i e n t s  on the  
inpu t  l i n e  from a f f e c t i n g  t h e  vol tage  supply ope ra t ion .  
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FIGURE 20. BLOCK DIAGRAM OF MASTER MEASURING VOLTAGE SUPPLY. 
The o s c i l l a t o r  c i r c u i t  provides s h o r t  c i r c u i t  p r o t e c t i o n  f o r  t he  
u n i t .  I f  a s h o r t  c i r c u i t  developed, t h e  load would r e f l e c t  causing t h e  
o s c i l l a t o r  t o  cease  o s c i l l a t i n g ,  thus p ro tec t ing  the  c i r c u i t r y  w i t h i n  
t h e  u n i t .  
The s e r i e s  r e g u l a t o r ,  re fe rence  vo l t age  c i r c u i t ,  and d . c .  ampl i f i e r s  
#l and #2 a r e  combined t o  form the  output  r e g u l a t o r .  This ou tput  r e g u l a t o r  
u ses  a remote sense  c i r c u i t  (vol tage r e fe rence )  t o  keep t h e  output  impedance 
34 
as low as poss ib le .  
w i t h  extremely high d.c .  s t a b i l i t y  which employs matched t r a n s i s t o r s  f o r  
c i r c u i t  balance.  Amplifier #l provides  low frequency response whi le  am- 
p l i f i e r  f 2  provides high frequency response.  
The d.c .  a m p l i f i e r  #l i s  a chopper type of  a m p l i f i e r  
I f  t he  output  vo l t age  inc reases ,  t he  r e fe rence  c i r c u i t  (FIG. 21) w i l l  
sense the  increase  a t  a surmning po in t .  The inc rease  i n  vo l t age  when am- 
p l i f i e d  by d.c. ampl i f i e r  #l and 1 2  w i l l  a f f e c t  t he  t r a n s i s t o r  b i a s  i n  t h e  
s e r i e s  r egu la to r  c i r c u i t  and b r ing  the  output  back t o  i t s  s p e c i f i e d  l i m i t s .  
CR2 and CR3 i n  the  r e fe rence  c i r c u i t  provide double r e g u l a t i o n  f o r  b e t t e r  
ou tput  s t a b i l i t y .  
FIGURE 21. REFERENCE CIRCUIT FOR MASTER MEASURING VOLTAGE SWPLym 
4 .  56-Volt Power Supply (FIG. 22) 
The 56-vol t  power supply i s  a d . c .  t o  d .c .  conver te r  used t o  
f u r n i s h  a con t ro l l ed  vo l t age  t o  t h e  torque a m p l i f i e r  of t h e  ST-124 p l a t -  
form. The input  of the  power supply i s  28 V d .c .  and t h e  output  i s  56+3 
v o l t s  from no load t o  f u l l  load of 10 amperes. One 56-vol t  power supply 
i s  loca ted  i n  the  Instrument  Unit  of t h e  v e h i c l e .  I t s  dimensions are 
13.9 c m  by 21.6 cm by 10.2 cm; i t  weighs 5 . 3  kg. 
FIGURE 23 shows a s i m p l i f i e d '  block diagram of t h e  56-vol t  power supply.  
The power supply makes use  of a push-pul l  o s c i l l a t o r  i n  which t h e  square 
wave a . c .  output  i s  fed through a magnetic ampl i f i e r  t o  a d r i v e r  a m p l i f i e r .  
The output  of t he  d r i v e r  a m p l i f i e r  supp l i e s  t h e  power necessary t o  d r i v e  
the  bases  of t he  power a m p l i f i e r .  
then r e c t i f i e d ,  w i th  t h e  nega t ive  leg connected i n  series w i t h  the  p o s i t i v e  
of t h e  b a t t e r y .  The reason  f o r  connect ing t h e  b a t t e r y  i n  s e r i e s  w i t h  the  
power supply output  i s  t o  raise t h e  o v e r a l l  e f f i c i e n c y  of t he  u n i t .  The 
r e s u l t i n g  output  i s  then f i l t e r e d  before  being app l i ed  t o  t h e  load.  This 
ou tput  i s  appl ied  t o  a r e fe rence  br idge  w i t h  a p ropor t ion  of t h i s  s i g n a l  
fed back t o . t h e  magnetic a m p l i f i e r .  By c o n t r o l l i n g  t h e  amount of c u r r e n t  
flowing i n  the c o n t r o l  winding of t h e  magnetic a m p l i f i e r ,  pu l se  width 
modulation or c p n t r o l  of the  output  vo l t age  i s  obta ined .  
The output .of  t he  power a m p l i f i e r  i s  
I 
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FIGURE 23. BLOCK DIAGRAM OF 56-VOLT POWER SUPPLY. 
5 .  Strobe Light Power Supply (FIG. 24) 
The s t r o b e  l i g h t  power supply i s  a s t a t i c  conve r t e r  used t o  
f u r n i s h  2400 v o l t s  a t  a cons t an t  c u r r e n t  of 150 mA t o  t h e  s t r o b e  l i g h t .  
There are t w o  s t r o b e  l i g h t  power s u p p l i e s ,  one f o r  each of t h e  two s t r o b e  
l i g h t s .  Both the  power supp l i e s  and t h e . s t r o b e  l i g h t s  are loca ted  i n  t h e  
S-IV i n t e r s t a g e .  
cm by 22.9 cm; t h e  weight i s  10.9 kg. 
The dimensions of t h e  power supply are 15.2 c m  by 27.9 
The input vo l t age  t o  t h e  s t r o b e  l i g h t  power supply i s  28 V d . c .  a t  
The output  of 18 amperes supplied by a 28-volt  bus from t h e  S - I  s t a g e .  
t h e  power supply i s  a ramp func t ion  of 2400 v o l t s  peak; t h e  frequency of 
t h i s  ramp i s  16 Hz. 
FIGURE 25 shows a s i m p l i f i e d  block diagram of t h e  s t r o b e  l i g h t  power 
supply.  
t h a t  may be introduced. 
t h e  power ampl i f i e r .  
d r iven  by the  o s c i l l a t o r .  
t h e  power ampl i f i e r  and f ed  t o  the  t r i g g e r  c i r c u i t  l oca t ed  i n  t h e  s t r o b e  
The 28 V d.c.  i s  f i l t e r e d  by the  l i n e  f i l t e r  t o  e l i m i n a t e  no i se  
This f i l t e r e d  v o l t a g e  powers t h e  o s c i l l a t o r  and 
The bases of t h e  power a m p l i f i e r  t r a n s i s t o r s  are 
An ou tpu t  of 200 V d . c .  i s  taken d i r e c t l y  from 
_ _  
ligh;. A second output of t h e  power a m p l i f i e r  i s  
s a t u r a b l e  r e a c t o r .  The func t ion  of t h e  s a t u r a b l e  
the ou tpu t  current  cons t an t  from 0 t o  2400 v o l t s .  
s a t u r a b l e  r e a c t o r  i s  then  f ed  i n t o  a high v o l t a g e  
raises t h e  output vo l t age  t o  the  d e s i r e d  l e v e l  of 
fed d i r e c t l y  i n t o  t h e  
r e a c t o r  i s  t o  ma in ta in  
t ransformer which 
2400 v o l t s .  This 
The ou tpu t  of t he  
L 
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FIGURE 24. STROBE LIGHT POWER SUPPLY. 
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FIGURE 25. BLOCK DIAGRAM OF STROBE LIGHT POWER SUPPLY. 
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high vo l t age  is  r e c t i f i e d  and cabled d i r e c t l y  t o  t h e  s t r o b e  l i g h t .  
t r i g g e r  c i r c u i t  i s  used as a pu l se  shaper and a m p l i f i e r  of t h e  camera 
synchronizat ion pu l ses .  
The 
, 8 R E C T l F l E R  
C. FLIGHT SEQUENCER AND SLAVE (FIGS. 26 and 27) 
The f l i g h t  sequencer i s  a r e l a y  device t h a t  func t ions  as a s t e p  
switch t o  program d i s t r i b u t i o n  of 28 V d . c .  power t o  r e l a y s  and o the r  
c o n t r o l  a c t u a t i o n  devices .  The b a s i c  Sa tu rn  f l i g h t  sequencer provides 
10 s t e p s ,  o r  d i s t r i b u t i o n  p o i n t s ,  f o r  c o n t r o l  func t ions .  The b a s i c  u n i t  
can be connected t o  one o r  more s l a v e  u n i t s  t o  i n c r e a s e  t h e  number of 
s t e p s  i n  mul t ip l e s  of ten .  For Sa tu rn  u s e ,  t h e  f l i g h t  sequencer i s  used 
wi th  a s i n g l e  s l a v e  u n i t  t o  provide 20 s t e p s  o r  d i s t r i b u t i o n  p o i n t s .  
* 
Phys ica l ly ,  t he  f l i g h t  sequencer c o n s i s t s  of r e l a y s ,  d iodes ,  and 
Two Bendix pigmy-type connectors provide 
The e x t e r n a l  dimensions 
two p r i n t e d  c i r c u i t  boards. 
e x t e r n a l  terminat ions.  S m a l l  components are r i g i d l y  a f f i x e d  t o  t h e  
p r i n t e d  c i r c u i t  boards by conformal coa t ing .  
of t he  f l i g h t  sequencers are 23.6 cm by 11 .7  cm by 6.5 cm. The weight 
i s  1.36 kg. 
E l e c t r i c a l  i npu t s  t o  the  u n i t  i nc lude  t h e  pu l ses  from t h e  program 
device and a p o s i t i v e  28 V d .c .  i n p u t .  The 28 V d . c .  i npu t  i s  app l i ed  
t o  a common bus fromwhich a p p l i c a t i o n  of power t o  v a r i o u s  elements of 
t h e  v e h i c l e  i s  made through r e l a y  c o n t a c t  c l o s u r e .  Each pu l se  from the  
program device ene rg izes  one r e l a y  and arms t h e  second r e l a y .  Thus as 
each r e l a y  i s  consecut ively energized,  t h e  u n i t  ope ra t e s  as a s t e p  switch.  
The r e l a y s  used f o r  s tepping func t ions  are a c r y s t a l  can,  l a t c h i n g  type;  
once energized,  they remain i n  t h a t  p o s i t i o n  u n t i l  e l e c t r i c a l l y  reset .  
When used with t h e  s l a v e  u n i t ,  t h e  l a s t  r e l a y  of t h e  f l i g h t  sequencer 
must a c t u a t e  be fo re  the s l a v e  u n i t  r e l a y s  c a n  be energized.  
FIGURE 26. FLIGHT SEQUENCER AND SLAVE (EXTERNAL). 
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FIGURE 2 7 .  FLIGHT SEQUENCER AND SLAVE (INTERNAL). 
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The s l a v e  u n i t  con ta ins  only ten r e l a y s  and uses  the  b a s i c  f l i g h t  
sequencer switching c i r c u i t r y  t o  operate  t h e s e  r e l a y s .  Construct ion,  
design,  and components of the s l ave  u n i t  are almost i d e n t i c a l  t o  t h e  
f l i g h t  sequencer,  and tests i n d i c a t e  t h e  s l a v e  u n i t s  r e l i a b i l i t y  i s  as 
good or  b e t t e r  than the  main u n i t .  The s l a v e  u n i t  u t i l i z e s  t h r e e  Bendix 
connectors f d r  i n p u t ,  ou tpu t ,  and a second s l a v e  u n i t  t o  be connected. 
I t s  dimensions are 18.5 cm by 11 .7  cm by 6 .5  cm; i t  weighs 1.07 kg. 
A f l i g h t  sequencer and slave u n i t  are loca ted  i n  u n i t  12 t o  provide 
sequenced, network-switchingjfunctions'for t h e  S - I  s t age .  There i s  a l s o  
an  i d e n t i c a l  f l i g h t  sequencer and s l a v e  u n i t  l oca t ed  i n  u n i t  802 c e n t e r  
t o  provide sequenced, network-switching func t ions  f o r  t h e  Instrument Unit .  
D. DISTRIBUTORS 
1. Power D i s t r i b u t o r s  (FIG. 28) 
The Saturn 28-volt  b a t t e r i e s  supply main power t o  t h e  power 
d i s t r i b u t o r s  which a r e  used t o  switch and d i s t r i b u t e  power as r equ i r ed  
f o r  ope ra t ing  a l l  i n f l i g h t  subsystems. There are two power d i s t r i b u t o r s  
used; one i s  loca ted  i n  u n i t  12 of t h e  S-I s t a g e  and the  o t h e r  i s  loca ted  
i n  t h e  Instrument Unit. Both d i s t r i b u t o r s  measure approximately 35 cm 
by 33 cm by 20 cm and weigh approximately 17 The d i s t r i b u t o r  i n  
u n i t  12 has 14 connectors and two t e rmina l  boards.  It a l s o  con ta ins  fou r  
200 ampere r e l a y s  which connect the v e h i c l e  b a t t e r i e s  t o  power busses .  
Four o the r  r e l a y s ,  r a t e d  a t  50 amperes ,  switch power t o  t h e  camera, t h e  
i n v e r t e r ,  and t h e  l i q u i d - l e v e l  racks.  Ten a d d i t i o n a l  r e l a y s ,  r a t e d  a t  
7 .5  amperes, d i s t r i b u t e  power t o  te lemeter  links. Two l a t c h i n g  r e l a y s ,  
ra ' ted a t  2.0 amperes, are u t i l i z e d  f o r  c i r c u i t  c o n t r o l .  
a t y p i c a l  c i r c u i t  through a power d i s t r i b u t o r .  
kg. 
FIGURE 29 shows 
2. Measuring D i s t r i b u t o r s  (FIG. 30) 
S ix  measuring d i s t r i b u t o r s  are loca ted  i n  t h e  Sa tu rn  SA-5 
through SA-7 v e h i c l e s .  Four are  loca ted  i n  u n i t  9 ,  one i n  u n i t  12 of t he  
S-I s t a g e ,  and one i n  u n i t  802 center  of t h e  Instrument Unit .  
A l l  s i x  of t hese  d i s t r i b u t o r s  are similar i n  conf igu ra t ion .  D i s t r i -  
b u t o r s  9A3, 9A4, 9A5, and 9A6 a r e  i d e n t i c a l  except f o r  w i r ing  and number 
of components used; d i s t r i b u t o r s  12826 and 802113 a r e  i d e n t i c a l  except f o r  
w i r ing  and number of components used. 
f i g u r a t i o n  except  f o r  t h e  connector f ace  p l a t e .  
Both types are i d e n t i c a l  i n  con- 
Each d i s t r i b u t o r  i s  housed i n  a case  which i s  approximately 18 c m  
by 31  c m  by 36 c m ,  including t h e  connectors and o the r  hardware. The 
d i s t r i b u t o r s  weigh between 9 . 1  and 11.3 kg, varying s l i g h t l y  according 
t o  t h e  d i f f e r e n c e s  i n  e l e c t r i c a l  hardware. 
FIGURE 28 .  POWER DISTRIBUTOR. 
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FIGURE 29.  CIRCUIT THROUGH POWER DISTRIBUTOR. 
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FIGURE 30. MEASURING DISTRIBUTOR. 
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. The measuring distributors transmit measurement signals to the telemeter channels from the engines, the tail area, and the upper portion 
of the vehicle. The locations and functions of these distributors are: 
a. Measuring distributor 9A3, located in unit 9, controls direct 
measurements and measurements on engines 1 and 5 and on unit 16 (Fin I). 
b. Measuring distributor 9A4, located in unit 9, controls direct 
measurements and measurements on engines 2 and 6 and on unit 18 (Fin 11). 
c. Measuring distributor 9A5, located in unit 9, controls meas- 
urements on engines 3 and 7 plus a portion ofthe measurements in unit 9, 
d. Measuring distributor 9A6, located in unit 9, controls meas- 
urements on engines 4 and 8, racks, a portion of unit 9, and the lower 
part of unit 10. 
e. Measuring distributor 12A26, located in unit 12, controls 
all measurements in units 11, 12, and 13 and the upper part of unit 10. 
It also controls all telemeter equipment in the S-I stage. 
f. Measuring distributor 802A3, located in unit 802 center of 
the Instrument Unit, controls all measurements located in the Instrument 
Unit of the vehicle. 
Each distributor has 20 connectors which are located on the base 
plate of the case. 
located on the upper side of the distributor opposite the connectors. 
The wires leading through the distributor from the connector pins to the 
terminals are potted with lockfoam to reduce possible vibration damage 
to the distributor circuitry. Jumpers between terminals, relays, and 
various pins are applied on the upper side of the terminal boards. 
allows convenient access to the circuits when incorporating changes in 
the system. 
The connector pins are wired to a terminal board 
This 
The 28 V d.c. power from the vehicle batteries is supplied through 
the power distributor to busses in the measuring distributors in the S-I 
stage. This 28-volt supply is fed to the measuring power supplies, con- 
verted to a 5-volt output, and routed to the measuring voltage busses. 
From these 5-volt busses, voltage is supplied to the various measurement 
pickups throughout the vehicle. 
Contained within the S-I stage distributors are +1D81 through +1D89 
busses, each of which is tied to one of the 5-volt power supplies. The 
+1D81 through +1D88 busses are used to distribute 5-volt power through 
the S-I measuring network to the measurements in the eight engine com- 
partment areas. 
measurements throughout the S-I. The -1D80 bus is common to all measuring 
The +1D89 supplies 5-volt power to all the remaining 
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FIGURE 31. CIRCUIT THROUGH MEASURING DISTRIBUTOR. 
s u p p l i e s  i n  the S - I  s t a g e .  
through a measuring d i s t r i b u t o r  i n  the  S - I  s t a g e .  
FIGURE 31  shows an example of a c i r c u i t  
Measuring d i s t r i b u t o r  802113 i n  the  Instrument  Unit  a l s o  r e c e i v e s  
28 V d.c.  power from the v e h i c l e  b a t t e r i e s  through t h e  power d i s t r i b u t o r  
i n  t h e  Instrument Unit .  Contained w i t h i n  t h i s  d i s t r i b u t o r  i s  t h e  +8D81 
bus,  which suppl ies  5 - v o l t  power t o  a l l  measurements l oca t ed  i n  t h e  I n -  
s trument Unit . 
3. Propulsion D i s t r i b u t o r  (FIG. 32) 
The propuls ion d i s t r i b u t o r  con ta ins  t h e  r e l a y s  and c i r c u i t r y  
t h a t  c o n t r o l  t h e  func t ion  of a l l  e i g h t  engines of t he  S-I  according t o  
a p r e s e t ,  programed sequence. This  d i s t r i b u t o r  i s  loca ted  i n  u n i t  9 of 
t h e  v e h i c l e ;  i ts  dimensions are approximately 36 cm by 32 cm by 19 cm, 
inc lud ing  the 19 connectors and o t h e r  e x t e r n a l  hardware; i t  weighs 
10.55 kg. 
The propulsion d i s t r i b u t o r  busses  r e c e i v e  28-vol t  power from t h e  
power d i s t r i b u t o r  and d i s t r i b u t e  t h i s  power t o  t h e  c i r c u i t s  and r e l a y s  
t h a t  c o n t r o l  t h e  engine func t ions .  
LOXprevalves f o r  c o n t r o l l i n g  t h e  flow o f p r o p e l l a n t s  t o  t h e  eng ines ,  and 
some are used t o  a c t i v a t e  the  conax va lves  €or  engine c u t o f f .  The engine 
c u t o f f  r e l a y s  a r e  act ivated 'when s i g n a l s  are rece ived  from t h e  f l i g h t  
sequencer o r  from sensors  i n d i c a t i n g  low t h r u s t .  
Some of t h e  r e l a y s  a c t u a t e  f u e l  and 
c 
I 
' 
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FIGURE 32. PROPULSION DISTRIBUTOR, 
Other relays in this distributor are energized when thrust is as 
prescribed by signals from the thrust O.K.  pressure switches. Deenergi- 
zation of these relays, at low thrust, results in engine cutoff. There 
are also relays that operate fuel and lox fill-drain and replenishing 
valves. 
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FIGURE 33.  CIRCUIT THROUGH PROPULSION DISTRIBUTOR. 
The diagram i n  FIGURE 33 shows the  c i r c u i t r y  i n  t h e  propuls ion d i s -  
t r i b u t o r  used f o r  ope ra t ing  t h e  conax va lve  f o r  one of t h e  engines .  
r e c e i v i n g  the proper cu to f f  s i g n a l ,  r e l a y  K 1 1  ene rg izes  t o  f i r e  squib 
number one, operat ing t h e  engine conax va lve  t o  c u t  o f f  an  engine.  
Af t e r  
4 .  Control  D i s t r i b u t o r  (FIG. 34) 
The c o n t r o l  d i s t r i b u t o r ,  l o c a t e d  i n  t h e  Instrument  Un i t ,  
s e rves  as t h e  j u n c t i o n  and power d i s t r i b u t i o n  p o i n t  f o r  t he  c i r c u i t s  
a s s o c i a t e d  with v e h i c l e  c o n t r o l .  The dimensions of t h i s  u n i t  are approx- 
ima te ly  36 cm by 31 c m  by 19 cm, inc lud ing  t h e  19 connectors  and o t h e r  
e x t e r n a l  hardware. It weighs 10.2 kg. 
This d i s t r i b u t o r  con ta ins  busses t h a t  r e c e i v e  28-vol t  power from 
t h e  power d i s t r i b u t o r  and t r ansmi t s  t h i s  power t o  c o n t r o l  t h e  functiofls 
as r equ i r ed  by t h e  program dev ice ,  f l i g h t  sequencer,  c o n t r o l  computer, 
and t h e  p r e s s u r i z a t i o n  system. The c o n t r o l  d i s t r i b u t o r  r e c e i v e s  s i g n a l s  
from the  f l i g h t  sequencer and t r a n s m i t s  t h e s e  s i g n a l s  through r e l a y s  t o  
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FIGURE 3 4 .  CONTROL DISTRIBUTOR (EXTERNAL). 
t h e  va r ious  v e h i c l e  c i r c u i t s .  Three-phase, 115 V ,  400 Hz a . c .  power 
from t h e  i n v e r t e r  i s  rou ted  through t h e  c o n t r o l  d i s t r i b u t o r  t o  a power 
supply.  
t o  t h e  c o n t r o l  d i s t r i b u t o r  f o r  d i s t r i b u t i o n  t o  t h e  angle  of  a t t a c k  meters, 
c o n t r o l  computer, and a c t u a t o r s .  
i s  a l s o  d i s t r i b u t e d  d i r e c t l y  through t h e  c o n t r o l  d i s t r i b u t o r  t o  t h e  s t a b i -  
l i z e d  p la t form,  servo a m p l i f i e r s ,  and guidance r e p e a t e r .  A l l  of these  
components a r e  thus  i n t e g r a t e d  in to  t h e  v e h i c l e  c i r c u i t r y  t o  accomplish 
v e h i c l e  c o n t r o l .  
The power supply converts  t h i s  power t o  60 V d . c .  and feeds i t  
Three-phase,  115 V ,  400 Hz a . c .  power 
The c i r c u i t  i n  FIGURE 35 shows an  example of t h e  i n p u t  and output  
c i r c u i t s  fo r  t h e  60 V d . c ,  power supply and how t h i s  power i s  fed  through 
t h e  c o n t r o l  d i s t r i b u t o r  t o  t h e  con t ro l  computer. 
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_I I---------- 60-VOLT SUPPLY 
FIGURE 35. CIRCUIT THROUGH CONTROL DISTRIBUTOR. 
5. Emergency Detec t ion  D i s t r i b u t o r  (FIG. 36) 
The emergency d e t e c t i o n  d i s t r i b u t o r  i s  loca ted  i n  t h e  I n s t r u -  
ment Uni t .  The primary purpose of t h i s  d i s t r i b u t o r  i s  t o  f u r n i s h  a cen- 
t r a l i z e d  point  f o r  a l l  s i g n a l s  t h a t  are t o  be t r ansmi t t ed  t o  t h e  Apollo 
payload. FIGURE 37 shows a t y p i c a l  c i r c u i t  through t h e  emergency de tec -  
t i o n  d i s t r i b u t o r .  
The emergency d e t e c t i o n  d i s t r i b u t o r s  flown on SA-6 and SA-7 are 
exper imenta lmodels .  The d i s t r i b u t o r s  w i l l  be flown w i t h  two ra te  gyros 
(3  axes)  which are loca ted  i n  t h e  unpressur ized  p o r t i o n  of t h e  Instrument  
Unit .  
The emergency d e t e c t i o n  d i s t r i b u t o r  i s  approximately 36 c m  by 31 c m  
by 19 c m  and weighs 10.2 kg. 
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FIGURE 3 7 .  CIRCUIT THROUGH EMERGENCY DETECTION DISTRIBUTOR. 
6 .  Main D i s t r i b u t o r  (FIG. 38) 
The main d i s t r i b u t o r ,  l oca t ed  i n  the  S-I  s t a g e ,  i s  p h y s i c a l l y  
FIGURE 39 shows a t y p i c a l  c i r c u i t  through t h e  main d i s -  
and mechanically i d e n t i c a l  t o  t h e  c o n t r o l  d i s t r i b u t o r  l oca t ed  i n  t h e  I n -  
strument Unit. 
t r i b u t o r .  
E. PLUG "J" BOXES (FIG. 40) 
Plug d i s t r i b u t o r s ,  des igna ted  as plug type "J" boxes,  are used 
i n  v a r i o u s  u n i t s  of t h e  v e h i c l e  systems t o  provide convenient and simple 
j u n c t i o n  points  f o r  c e r t a i n  v e h i c l e  c i r c u i t s .  
l o c a t i o n s  for  mounting small components t h a t  would otherwise occupy needed 
space i n  the d i s t r i b u t o r s .  
These "J" boxes a l s o  f u r n i s h  
c 
, 
w 
FIGURE 38. MAIN DISTRIBUTOR, 
PITCH AND YAW 
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FIGURE 3 9 .  CIRCUIT THROUGH MAIN DISTRIBUTOR. 
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FIGURE 40.  PLUG "J" BOXES. 
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Twenty plug "J" boxes are used i n  t h e  S - I  s t a g e  o f  t h e  b lock  I1 veh i -  
c le ;  they  are designed i n  two d i f f e r e n t  s i z e s ,  according t o  t h e i r  use i n  
t h e  c i r c u i t r y .  
7.6 c m  by 7.6 cm by 7.6 .cm. 
o u t e r  t e rmina l s t so lde red  toge the r  t o  form busses .  Other p i n s  are con- 
nec ted  t o  e i t h e r  r e l a y s  o r  r e s i s t o r s .  
One "J" box i s  7.6 cm by 7.6 c m  by 5 . 1  cm; t h e  o t h e r  i s  
B a s i c a l l y ,  t he  "J" box i s  a s tandard  plug w i t h  a number of t h e  
From the  output  te rmina ls  of the "J" box, vo l t age  i s  suppl ied  t o  
v e h i c l e  components such as pressure  gauges and va lves .  The p res su re  
gauges use  5 -vo l t  power and t h e  valves  use  28-vol t  power. 
I 1 
FIGURE 41. CIRCUIT THROUGH PLUG "J" BOX. 
FIGURE 4 1  i s  a t y p i c a l  c i r c u i t  of  t h e  p re s su re  measurements and 
shows how measuring vo l t age  i s  suppl ied from a plug type "J" box t o  a 
p re s su re  pickup. I 
F. COMMAND DESTRUCT SYSTEM (FIG. 42) 
The primary func t ion  of t h e  command d e s t r u c t  system i s  t o  g ive  
emergency t h r u s t  t e rmina t ion  and f u e l  d i s p e r s i o n  on ground command during 
f l i g h t .  Two completely sepa ra t e  systems a r e  used on the  SA-5 through 
SA-7 v e h i c l e s ;  one i s  loca ted  i n  t h e  S-I s t a g e  and one i s  loca ted  i n  the  
S-IV s t age .  
Each system i s  made up of  two i d e n t i c a l  bu t  independent subsystems. 
The power i s  suppl ied  from d i f f e r e n t  sources .  
made d i r e c t l y  t o  t h e  b a t t e r y  s ide  o f  t h e  main con tac to r  w i t h  sepa ra t e  
The power connect ion i s  
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FIGURE 42. BLOCK DIAGRAM OF COMMAND DESTRUCT SYSTEM. 
lines provided for the power supply and the EBW firing units. All power 
lines are also connected to ground power sources with magnetic latching 
relays transferring the power from external to interna sources. 
1. Destruct System Controller (FIG. 4 3 )  
The destruct system controller is the central point of the 
Four command 
system. 
equipment required for destruction of the Saturn vehicle. 
It contains all the necessary circuitry to control one set of 
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d e s t r u c t  c o n t r o l l e r s  a r e  used on each of t h e  Sa tu rn  block I1 v e h i c l e s .  
Two are used w i t h  the  S-IV s t a g e  comand d e s t r u c t  system, and two are 
used wi th  the S - I  s t a g e  command d e s t r u c t  system. Each c o n t r o l s  a command 
d e s t r u c t  r e c e i v e r ,  an EBW f i r i n g  u n i t ,  and necessary s i g n a l s  t o  the  v e h i -  
c l e  system f o r  t h r u s t  terminat ion.  
such a way t h a t  i t  i s  capable  of being adapted t o  e i t h e r  manned o r  un- 
manned, o r b i t a l  o r  nonorb i t a l  f l i g h t s .  
This c o n t r o l l e r  has been designed i n  
There a r e  s i x  relays and four  connectors i n  each c o n t r o l l e r .  Con- 
nec to r  52 i s  u t i l i z e d  f o r  the r ep laceab le  module (no d e s t r u c t  delay plug) 
which s e l e c t s  t he  mode of ope ra t ion  (FIG. 4 3 ) ;  i. e . ,  e i t h e r  no ,delay 
between ar.ming command and d e s t r u c t  command, o r  a t i m e  delay between a r m -  
ing command and d e s t r u c t  command, o r  a t i m e  de l ay  between t h e  two commands, 
o r  preparing c i r c u i t r y  t o  enable  the  cormnand r e c e i v e r  o r  t h e  f i r i n g  u n i t  
t o  be turned o f f  during f l i g h t .  FIGURE 44 shows an example of a c i r c u i t  
through the d e s t r u c t  system c o n t r o l l e r .  
The d e s t r u c t  s y s t e m  c o n t r o l l e r  weighs 0.107 kg and measures 12 .2  cm 
by 8 .6  cm by 2.5 cm. 
I 
COMMAND RECEIVER NO. I 
I 
r--- 1 
EB W FIRING UNIT NO. I 
I I 
FIGURE 44.  CIRCUIT THROUGH DESTRUCT SYSTEM CONTROLLER. 
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S- I  STAGE 
2 .  Explodin? Bridpewire F i r i n g  Unit (FIG. 451 
I S - IV  STAGE 
The exploding bridgewire u n i t  i s  used t o  i g n i t e  t he  ex- 
ploding br idgewire .  A t r a n s i s t o r i z e d  o s c i l l a t o r  and t ransformer n e t -  
work i n  the  u n i t  s t e p s  up the  28-volt  i npu t  v o l t a g e  t o  a high v o l t a g e  
output .  This high vo l t age  output i s  used t o  charge a 1 pF c a p a c i t o r  
t o  2300 v o l t s .  A s i g n a l  from the  command r e c e i v e r  through the  d e s t r u c t  
c o n t r o l l e r  causes a gap tube i n  t h e  exploding b r idge  f i r i n g  u n i t  t o  
a r c .  The gap tube a r c i n g  discharges t h e  condenser t o  i g n i t e  t h e  ex- 
ploding bridgewire.  
FUNCTION 
Retro Rocket I g n i t i o n  
Des t ruc t  
Each of the exploding bridgewire f i r i n g  u n i t s  i s  connected t o  a 
de tona to r  which i s  t i e d  t o  primacord through cornon s a f e  and a r m  u n i t s .  
The primary func t ion  of t he  s a f e  and arm u n i t s  i s  t o  g ive  a v i s u a l  and 
mechanical ly-control led means of providing s a f e t y  f o r  personnel  during 
i n s t a l l a t i o n  of exploding bridgewire de tona to r s  and primacord i n  i t s  
s a f e  p o s i t i o n .  The arming o r  disarming of t he  u n i t  can be made by 
mechanical means a t  t h e  v e h i c l e  or e l e c t r i c a l l y  from the ground any 
t i m e  p r i o r  t o  t h e  l i f t o f f .  E l e c t r i c a l  a c t i v a t i o n  of t h e  u n i t  i s  accom- 
p l i s h e d  by a r o t a r y  so l eno id .  The supe rv i s ion  of t h e  s a f e  and armed 
p o s i t i o n s  i s  accomplished by microswitches b u i l t  i n t o  t h e  u n i t  w i th  
i n d i c a t i o n s  brought t o  ground support  equipment. 
UNITS FUNCTION 
8 Ullage Rocket I g n i t i o n  
2 Ullage Rocket J e t  t i s o n  
Stage Sepa ra t ion  
Vent Por t s  
Retro Rocket I g n i t i o n  
Arming of t he  u n i t  f o r  t he  f l i g h t  must be made p r i o r  t o  l i f t o f f .  
Armed i n d i c a t i o n  on the ground i s  r equ i r ed  f o r  proceeding wi th  count- 
down. 
T h i r t y  exploding bridgewire u n i t s  w i l l  be flown on each of t h e  
SA-5 through SA-7 v e h i c l e s .  Table 1 l i s t s  t h e  number of u n i t s  and 
t h e i r  func t ions  on both the S - I  and the S- IV  s t a g e .  Each exploding 
br idgewire  u n i t  i s  approximately 16 cm by 8 c m  by 8 cm; each weighs 
approximately 2 kg. 
The s t a g e  in t e rconnec t ion  of explosives  f o r  t he  d e s t r u c t  system 
i s  shown i n  FIGURE 46. 
TABLE 3 .  EXPLODING BRIDGEWIRE UNITS TO BE USED ON BLOCK I1 VEHICLES. 
L I 11 Destruct  
_.I 
UNITS 
y 
60 
6 1  
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G. SWITCH ASSEMBLIES (FIG. 47) 
Four switch assembly devices  a r e  i n  each of t he  SA-5 through 
SA-7 v e h i c l e s .  Two a r e  located i n  u n i t  12  of t he  S-I s t a g e ,  and two 
a r e  mounted i n  the Instrument Unit .  
FIGURE 47. SWITCH ASSEMBLY. 
* 
, 
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A switch assembly i s  c y l i n d r i c a l  i n  shape, measures 10.4 cm i n  
l eng th  by 3.8 cm i n  diameter,  and weighs 0.12 kg. 
are plugged i n t o  connector jacks on each of the power d i s t r i b u t o r s  
(121125 i n  the  S-I s t a g e  and 802A2 i n  t h e  Instrument  Un i t ) .  
Two of t hese  u n i t s  
FIGURE 48 shows the  switch assembly t o  c o n s i s t  of one connector 
w i t h  a squib and jumper wires soldered t o  t e rmina l s  i n  t h e  backshel l .  
The squib switch a c t u a t e s  a t  l i f t o f f  t o  e s t a b l i s h ,  w i t h  i t s  one-shot 
c o n t a c t s ,  c i r c u i t s  which p a r a l l e l  c r i t i c a l  c i r c u i t s  through con tac t s  
i n  t h e  power d i s t r i b u t o r s .  
+ID21 
K2-2 RELAY 
POWER DISTR 
K I-2RELAY 
POWER DISTR. 
UMBILICAL 
SAFETY SW. SUPV, 
+28V (GSE) 
+28V (ID IO BT) 
IDCOM 
ID COM 
POWER 
DISTRIBUTOR 
- 0  IDCOM 
FIGURE 48. C I R C U I T  THROUGH SWITCH ASSEMBLY. 
D. 
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H. TWENTl .FIVE ECOND DEL Y TIMER (FIG. 4 9 )  
This delay-timing device,  l oca t ed  i n  u n i t  12 of t h e  S- I  s t a g e ,  
i s  approximately 6 cm by 11 c m  by 3 cm and weighs 0 . 2  kg. 
o p e r a t i o n  a t  the  t i m e  o f  s e p a r a t i o n  of t h e  S-I and S-IV s t a g e s ;  26 seconds 
l a t e r ,  i t  gives a s i g n a l  t o  the  e i g h t  camera recovery pods. 
a c t u a t e s  solenoids  t h a t  cause t h e  pods t o  be pneumatica-Lly e j e c t e d  from 
the  S-I s tage  as i t  f a l l s  away. 
picked up from t h e  sea. 
The timer i s  t r i g g e r e d  by a s i g n a l  from the  S- I  s t a g e  f l i g h t  sequencer 
It s t a r t s  
This s i g n a l  
The camera recovery pods are la te r  
s l a v e .  
supplying 28 v o l t s  t o  the  so l eno ids .  
t i o n a l  r e s i s t o r - c a p a c i t o r  t iming c i r c u i t .  
It c loses  an  i n t e r n a l  r e l a y  a f t e r  t h e  de l ay  time has e l apsed ,  
The c i r c u i t r y  i s  simply a conven- 
This device a l s o  ope ra t e s  a t ape  r e c o r d e r ,  which has been running 
during f l i g h t  of t h e  S - I  s t a g e .  
t ape  r eco rde r ,  which t r ansmi t s  d a t a  through t h e  te lemetry system t o  t h e  
ground. 
The t i m e r  s t a r t s  the  play-back from t h e  * 
FIGURE 49 .  25-SECOND DELAY TIMER. 
. 
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I. ELECTRICAL INTERFACES 
The e l e c t r i c a l  i n t e r f a c e  of t h e  S-I/S-IV s t a g e s  c o n s i s t s  of 
four 55-pin connectors and four  8-pin connectors .  The e l e c t r i c a l  i n t e r -  
f ace  of the  S-IV/Instrument Unit  c o n s i s t s  of f i v e  55-pin connectors .  
FIGURE 50 i l l u s t r a t e s  a t y p i c a l  i n t e r f a c e  connection used f o r  t h i s  
purpose. 
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FIGURE 50. TYPICAL EXAMPLE OF INTERFACE CONNECTOR. 
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To save w i r e  and reduce complexity,  c e r t a i n  l i n e s  i n  the  c o n t r o l  
system t h a t  u t i l i z e  t h e  same func t ion  i n  both  t h e  S- I  and S-IV s t a g e s  
are switched i n  t h e  S-IV s t a g e  by a f l i g h t  c o n t r o l  swi tch .  This  i s  
accomplished by applying a vo l t age  t o  t h e  motor of t h e  f l i g h t  c o n t r o l  
switch a t  S - I  s epa ra t ion ,  thereby i n t e r r u p t i n g  any s i g n a l  t o  t h e  S- I  
s t a g e  from the  c o n t r o l  computer i n  the  Instrument  Unit  and applying 
t h e  s i g n a l  t o  t h e  S-IV s t age .  
The method t o  b e  u t i l i z e d  i n  t r ansmi t t i ng  s i g n a l s  between s t a g e s  
i s  shown i n  FIGURE 51. 
I d  
FIGURE 51. METHOD U T I L I Z E D  I N  TRANSMITTING SIGNALS BETWEEN STAGES. 
I f  s tage  "A" r equ i r e s  a s i g n a l  from s t a g e  "B," i t  w i l l  f u r n i s h  
s t a g e  "B" with +28 v o l t s ;  s t a g e  "B" w i l l  i n  t u r n  swi tch  t h e  +28 v o l t s  
and r e t u r n  the switched s i g n a l  t o  s t a g e  " A . "  The +28 v o l t s  f o r  s i g n a l  
t ransmiss ion  need only b e  furn ished  one t i m e  f o r  a s e t  of s i g n a l s  be- 
tween s t ages .  This method of t r a n s m i t t i n g  s i g n a l s  a l lows  t h e  d . ~ .  power 
of each s tage  t o  be completely independent and a l s o  e l imina te s  the  prob- 
lems of cu r ren t  t r a n s f e r  i n  t h e  nega t ive  s i d e  of t he  d . c .  power supply.  
. 
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